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Print head, and print method and apparatus using the same 



(54) 

(57) A print head of this invention has a plurality of 
heater boards, and each heater board has a plurality of 
heating resistors, driver circuits corresponding to the 
heating resistors, one shift register for inputting serial 
data, a data latch circuit for latching print data input from 
the shift register, a pre-heat data latch circuit for latching 
selection data of selecting one or several of pre-heat 
signals input from the shift register, and a pre-heat se- 
lection circuit for selecting one or a plurality of pre-heat 
signals in accordance with the selection data latched in 
the pre-heat data latch circuit. In a print operation, one 
or several of the plurality of input pre-heat signals are 
selected to pre-heat the heating resistors, and when a 
main heat signal is input thereafter, the heating resistors 
are driven in accordance with the print data latched by 
the data latch circuit, thus performing the print opera- 
tion. 
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Description 

BACKGROUND OF THE INVENTION 



The present invention relates to a print head com- 
prising heating resistors as electro-thermal conversion 
elements, and a print apparatus using the same. 

Ink-jet print methods have received a lot of attention 
owing to their advantageous features, i.e., since they 
can reduce noise upon printing to a negligible level, al- 
lows high-speed printing, can print an image on a so- 
called normal paper sheet by fixing an ink without re- 
quiring any special processing, and so on. 

Of these methods, an ink-jet method described in 
Japanese Patent Publication No. 54-51837 and DOLS 
(German Laid-Open) No. 2843064 has a feature differ- 
ent from other ink-jet print methods in that heat energy 
is applied to a liquid to obtain a driving force for ejecting 
liquid droplets. More specifically, in the print method dis- 
closed in the above-mentioned references, a liquid un- 
dergoes a change in state accompanied by an abrupt 
increase in volume upon application of heat energy, and 
a liquid is ejected from orifices at the distal end of an 
ink-jet head by the force based on the change in state, 
thusformingflying liquid droplets. The liquid droplets be- 
come attached to a recording medium to attain printing. 

In particular, the ink-jet print method disclosed in 
DOLS No. 2843064 above can be very effectively ap- 
plied to a so-called drop-on-demand print method. Fur- 
thermore, since a full-line type ink-jet print head having 
a high-density multi-orifice structure can be easily real- 
ized, an image with a high resolution and high image 
quality can be obtained at high speed. 

An ink-jet print head of an apparatus applied to this 
print method includes a print head board which compris- 
es orifices arranged for ejecting a liquid, liquid ejection 
portions having liquid channels each including a heat 
applying portion as a portion for applying heat energy to 
a liquid for ejecting a liquid droplet, and electro-thermal 
conversion elements (heating resistors) as means for 
generating heat energy 

In recent years, as the above-mentioned print head 
board, one, in which an array of a plurality of heating 
resistors, drivers which have a one-to-one correspond- 
ence with these heating resistors and drive the heating 
resistors in correspondence with image data, a shift reg- 
ister which has the same number of bits as the heating 
resistors and parallelly outputs serially input image data 
to the drivers, and a latch circuit for temporarily storing 
data output from the shift register are arranged on a sin- 
gle circuit board, has been developed. 

Fig. 1 2 shows the circuit arrangement of such a con- 
ventional print head board 300. Referring to Fig. 1 2, ref- 
erence numeral 301 denotes an array of heating resis- 
tors; 302, power transistors serving as drivers; 303 a 
latch circuit; and 304, a shift register. Reference numeral 
305 denotes a clock signal which is used for shift-input- 
ting data in the shift register 304. Reference numeral 
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306 denotes serial image data input to the shift register 
304. Reference numeral 307 denotes a latch signal; and 
308, a heat pulse signal for externally controlling the ON 
times of the power transistors 302. Reference numeral 
s 309 denotes a logic power supply; and 310, ground. Ref- 
erence numeral 311 denotes a power supply (VH) input 
for driving the heating resistors 301 . 

In a printer apparatus having the head including the 
print head board with the above-mentioned arrange- 
'0 ment, the serial data 306 is serially input to the shift reg- 
ister 304. The image data set in the shift register 304 is 
latched by the latch circuit 303 in response to the latch 
signal 307. When the heat pulse signal 308 is input, 
power transistors 302 corresponding to data "1" of the 
« image data are set in the ON state. In this manner, the 
corresponding heating resistors 301 are energized and 
driven, ink in the liquid channels of the driven heating 
resistors 301 is heated, and the ink drops are ejected 
from the orifices, thus achieving printing. 
20 Upon consideration of energy required for forming 
bubbles in a liquid portion contacting the heating resistor 
301, if a heat dissipation condition remains the same, 
the energy corresponds to the product of required input 
energy per unit area of the heating resistor 301 and the 
25 area of the heating resistor 301. For this reason, the volt- 
age applied across both ends of the heating resistor 
301, and the current and time (pulse width) flowing 
through the heating resistor 301 can be set to obtain the 
above-mentioned energy. In practical use, the voltage 
so can be set to be almost constant by the power supply of 
the printer apparatus main body. However, as for the 
current, the resistances of the heating resistors 301 
have different values depending on lots and boards due 
to a variation in film thickness of the heating resistor 301 
35 in the manufacture of the board. Therefore, when the 
application pulse width is constant, and the resistance 
of the heating resistor 301 becomes higher than a set- 
ting value, the current value decreases, and the appli- 
cation energy becomes insufficient. As a result, the ink 
40 cannot form bubbles. On the contrary, when the resist- 
ance of the heating resistor 301 becomes small, and the 
current value flowing through the heating resistor be- 
comes larger than the setting value, excessive energy 
is input, resulting in burning and short service life of the 
ts heating resistor 301 In order to prevent this problem, a 
sensor 31 4 always monitors the resistance value of the 
heating resistor 301, and the power supply voltage or 
the application pulse width is changed based on the de- 
tected resistance value, so as to apply constant energy. 
50 Next, upon consideration of the ejection amount of 
a liquid droplet to be ejected, the ejection amount is as- 
sociated with the bubble formation volume of an ink. 
Since the bubble formation volume of the ink changes 
depending on the temperature of the heating resistor 
ss 301 and the ambient temperature, a pulse (pre-heat 
pulse) having energy low enough not to eject an ink is 
applied before an applying of a heat pulse for ejection, 
so as to adjust the temperature of the heating resistors 
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301 by the pulse width and timing of the pre-heat pulse. 
In this manner, a liquid droplet of a predetermined 
amount is ejected, and a desired print quality is main- 
tained. 

According to the above-mentioned prior art, correc- 
tion of a variation in resistance value of each heating 
resistor 301 and temperature control of the board can 
be realized by changing the width of the heat pulse, and 
the width and timing of the pre-heat pulse to be applied 
to the heating resistors 301 is changed under the control 
of the printer apparatus main body by feeding back sig- 
nals from the sensor 314 for monitoring the resistance 
value and a temperature sensor 315 for monitoring the 
temperature, and for outputting the heat signal. Howev- 
er, the ink ejection amounts vary depending on nozzles 
due to a variation in area of orifice apertures, a variation 
in thickness of the protection films of the heating resis- 
tors 301, and the like in the manufacture in addition to 
the above-mentioned factors even when the same en- 
ergy is applied to the heating registors 301 Such vari- 
ations results in density nonuniformity, stripes, and the 
like on printed matter, and hence ejection amount con- 
trol for each nozzle or several nozzles is required. 

When a plurality of print head boards are connected 
in series with each other to form a multi-nozzle ink-jet 
head to meet demand for an increase in the number of 
nozzles of an ink-jet head, since each of the print head 
boards has the heating resistors 301 having different re- 
sistance value from those of other print head board, the 
heat pulse width for ejecting an ink must be changed in 
each board to generate almost the same energy in the 
respective boards. As described above, when the print 
head is constituted by a plurality of boards, the print den- 
sity difference between adjacent boards becomes con- 
spicuous in addition to the above-mentioned orifice ar- 
ea. For this reason, it becomes more important to cor- 
rect the ejection amount of ink in units of nozzles (heat- 
ing resistors) in the board than in the case of a print head 
constituted by a single board. 

SUMMARY OF THE INVENTION 

The present invention has been made in consider- 
ation of the above situation, and has as its object to pro- 
vide a print head which can perform a print operation 
while correcting a variation of the respective print ele- 
ments without largely increasing the size of a head cir- 
cuit board of the print head. 

It is another object of the present invention to pro- 
vide a print head, which can attain various energization 
driving operations while reducing the processing load 
on the print apparatus side. 

It is still another object of the present invention to 
provide a print head, which can correct a change of a 
print characteristic using a heat pulse, which results 
from a variation in resistance value of heating resistors. 

It is still another object of the present invention to 
provide a print method and apparatus, which can per- 



form a print operation while correcting a variation of the 
print elements of a print head. 

It is still another object of the present invention to 
provide a print method and apparatus, which can attain 
5 various energization driving operations while reducing 
the processing load on the print apparatus side. 

It is still another object of the present invention to 
provide a print method and apparatus, which can per- 
form a print operation while adjusting a print character- 
io istic attributed to a variation in resistance value of heat- 
ing resistors using a heat pulse. 

It is still another object of the present invention to 
provide a print method and apparatus, which can per- 
form a print operation while adjusting a variation in print 
is characteristic of a print head using a heat pulse. 

It is still another object of the present invention to 
provide a print method and apparatus, which can per- 
form a print operation while easily adjusting a variation 
in heating resistors of all boards even in a print head 
20 constituted by a plurality of boards. 

It is still another object of the present invention to 
provide a print head having energization members for 
driving a plurality of print elements and a circuit for en- 
ergizing the energization members in correspondence 
25 with print data to perform a print operation, comprising 
input terminals for inputting a plurality of pulse signals 
used for pre-heating the print elements, a storage circuit 
for receiving and storing selection information for select- 
ing one of the plurality of pulse signals input from said 
30 input terminals, and driving circuits, each of which se- 
lects one of the plurality of pulse signals input from said 
input terminals in accordance with the selection infor- 
mation stored in said storage circuit, and applies the se- 
lected pulse signal to at least two energization member 
35 units to pre-heat the print elements. 

It is still another object of the present invention to 
provide print head constituted by using a plurality of 
boards each having energization members for driving a 
plurality of print elements and a circuit for energizing the 
40 energization members in correspondence with print 
data to perform a print operation, 

wherein each of the boards comprises input ter- 
minals for inputting a plurality of pre-heat pulse signals 
to the energization members, a storage circuit for receiv- 
es ing and storing selection information for selecting one 
of the plurality of pulse signals input from said input ter- 
minals, and driving circuits, each of which selects one 
of the plurality of pre-heat pulse signals input from said 
input terminals in accordance with the selection infor- 
so mation stored in said storage circuit and applies the se- 
lected pre-heat pulse signal to at least two energization 
member units to pre-heat the print elements. 

It is still another object of the present invention to 
provide a print apparatus for printing an image on a re- 
55 cording medium by energizing and driving a print head, 
said print head having energization members for driving 
a plurality of print elements, input terminals for inputting 
a plurality of pre-heat pulse signals to said energization 



3 



INSDOCID- <EP 07091 96A2_I_> 



5 



EP 0 709 196 A2 



6 



members, a storage circuit for receiving and storing se- 
lection information (or selecting one of the plurality of 
pre-heat pulse signals input from said input terminals, 
and driving circuits, each of which selects one of the plu- 
rality of pre-heat pulse signals input from said input ter- s 
minals in accordance with the selection information 
stored in said storage circuit and applies the selected 
pre-heat pulse signal to at least two energization mem- 
bers, said apparatus comprising characteristic informa- 
tion storage means for storing print characteristics of 10 
said print elements of said print head, transfer means 
for determining the selection information on the basis of 
the print characteristics stored in said characteristic 
storage information storage means, and transferring the 
determined selection information to said print head, pre- is 
liminary energization means for pre-heating at least two 
print elements by outputting the plurality of pulse signals 
to said print head prior to a print operation, and print 
energization means for energizing said energization 
members of said print head so as to perform the print 20 
operation after the pre-heating operation by said prelim- 
inary energization means. 

Other features and advantages of the present in- 
vention will be apparent from the following description 
taken in conjunction with the accompanying drawings, 2S 
in which like reference characters designate the same 
or similar parts throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 

The accompanying drawings, which are incorporat- 
ed in and constitute a part of the specification, illustrate 
embodiments of the invention and, together with the de- 
scription, serve to explain the principle of the invention. 

35 

Fig. 1 is a block diagram of an ink-jet print head 
board used in an ink-jet printer apparatus according 
to the first embodiment of the present invention; 
Fig. 2 is a diagram showing the arrangement of an 
ink-jet print head of the first embodiment; 40 
Figs. 3A and 3B are respectively a circuit diagram 
showing an example of a pre-heat selection circuit 
and a timing chart showing the timing of the circuit 
in the first embodiment; 

Figs. 4A and 4B are respectively a circuit diagram 45 
showing another example of a pre-heat selection 
circuit and a timing chart showing the timing of the 
circuit in the first embodiment; 
Fig. 5 is a view showing an example of the ink ejec- 
tion amounts, pre-heat pulses, and heat pulses cor- so 
responding to the nozzles of the print head in the 
first embodiment; 

Fig. 6 is a partially cutaway perspective view show- 
ing the arrangement of the print head of the first 
embodiment; 55 
Fig. 7 is a perspective view showing the outer 
appearance of principal part of the ink-jet printer 
apparatus of the first embodiment; 



Fig. 8 is a schematic block diagram showing the 
arrangement of the printer apparatus shown in Fiq 

6; 

Fig. 9 is a perspective view showing the outer 
appearance of print principal part of an ink-jet 
printer apparatus using a full-line type ink-jet head; 
Fig. 10 is a perspective view showing the outer 
appearance of the full-line type ink-jet head; 
Fig. 11 is a flow chart showing the print processing 
in the ink-jet printer apparatus of the first embodi- 
ment; 

Fig. 12 is a block diagram of a conventional ink-jet 
print head board; and 

Fig. 1 3 is a block diagram of an ink-jet print head 
board according to the second embodiment of the 
present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The preferred embodiments of the present inven- 
tion will be described in detail hereinafter with reference 
to the accompanying drawings. 

<First Embodiment 

Fig. 1 is a circuit diagram showing the circuit ar- 
rangement of an ink-jet head board (to be referred to as 
a heater board hereinafter) 1 00 of this embodiment. The 
same reference numerals in Fig. 1 denote the same 
parts as in the circuit diagram of Fig. 12 showing the 
conventional circuit. 

As shown in Fig. 1 , the heater board 100 has a plu- 
rality of input/output terminals, and various signals and 
electric power are supplied via these terminals. Refer- 
ence numeral 101 denotes a pre-heat pulse selection 
circuit (to be simply referred to as a selection circuit 
hereinafter) for selecting a pre-heat pulse width (to be 
described later with reference to Figs. 3A to 4B); 102, a 
selection data latch circuit for storing selection data (S1 
and S2 in Figs. 3A to 4B) for selecting a pre-heat pulse; 
and 303, a data latch circuit for latching print data. Ref- 
erence numeral 304 denotes a shift register for serially 
receiving print data 1 05 and selection data for selecting 
one or several of pre-heat pulse signals 1 07 in synchro- 
nism with a shift clock 104, and for holding the received 
data. The pre-heat pulse signals 107 are input from a 
controller (e.g., an MPU 1701 in Fig. 8) of the ink-jet 
printer apparatus of this embodiment. Reference nu- 
meral 111 denotes 3-8 decoders, for example. In this 
embodiment, each decoder 1 1 1 outputs a decode signal 
in accordance with a 3-bit block selection signal 115, 
and a plurality of heating resistors 301 are divisionally 
energized and driven in eight blocks in accordance with 
the decode signal. 

Reference numeral 112 denotes OR gates each for 
logically ORing a heat pulse output from a correspond- 
ing AND gate 1 1 3 in correspondence with print data, and 
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a pre-heat pulse signal selected and output by the se- 
lection circuit 101, and outputting the OR to a corre- 
sponding AND gate 1 1 0. In this manner, when the output 
from each AND gate 110 changes to High level, a cor- 
responding transistor 302 is turned on, and a current is 
supplied to the heating resistor 301 connected thereto, 
thus flowing an electric current through the resistor 301 
to generate heat. Reference numerals 121 and 122 de- 
note heaters. When a temperature sensor 315 detects 
that the temperature of the heater board 100 becomes 
equal to or lower than a predetermined temperature, 
these heaters 121 and 122 are energized to increase 
the temperature of the healer board 1 00. Reference nu- 
meral 315 denotes a temperature sensor. 

Reference numeral 108 denotes a latch signal of 
the selection data, which signal latches the selection 
data of the pre-heat data, set in the shift register 304, 
into the selection data latch circuit 102. Reference nu- 
meral 116 denotes data which is shift -output from the 
shift register 304, and is to be shift-output to the next 
heater board (e.g., Irom a heater board 200-1 toa heater 
board 200-2 in Fig. 2). In this manner, serial data is se- 
quentially transferred to the second and subsequent 
heater boards in synchronism with the shift clocks 104. 
Reference numerals 1 1 7 and 1 1 8 denote control signals 
used for separately driving odd- and even-numbered 
heating resistors to generate heat upon energization 
driving of the heating resistors 301 . When the odd- and 
even-numbered heating resistors are separately driven, 
the influence of heat between adjacent resistors (noz- 
zles) can be eliminated. Reference numeral 307 de- 
notes a latch signal for latching print data in the data 
latch circuit 303; and 1 23, a clear signal for clearing data 
latched in the data latch circuit 303. Reference numeral 
330 denotes an EPROM which stores the resistance 
values of the heating resistors 301 , ink ejection charac- 
teristics, and the like of this heater board 100. 

The operation of the printer apparatus using the 
print head with the above arrangement will be briefly de- 
scribed below. 

After the power supply of the apparatus is turned 
on, the pre-heat pulse widths of the respective heating 
resistors 301 are determined in correspondence with 
the pre-measured ink ejection characteristics (the ink 
ejection amounts upon application of a predetermined 
pulse at a constant temperature) from respective ejec- 
tion orifices (heating resistors) corresponding to the 
heater boards. The selection data (S1 , S2) for selecting 
the determined pre-heat pulse widths corresponding to 
the respective ejection-orifices are transferred to the 
shift register 304 in synchronism with shift clocks 104. 
Thereafter, a latch signal 108 is output to latch the se- 
lection data set in the shift register 304 into the selection 
data latch circuit 102. When a pre-heat operation is to 
be actually performed, in an example of Fig. 1 , each four 
neighboring heating resistors 301 are pre-heated by the 
same pre-heat pulse signal selected by the selection cir- 
cuit 101 based on the selection data (S1 , S2). Note that 



the information of the above-mentioned ink ejection 
amount characteristics of the heater board 100 may be 
stored in the memory (EPROM) 330 on the heater board 
100 of the print head or may be stored in the controller 
s of the printer apparatus. 

As described above, according to the heater board 
100 of this embodiment, since a plurality of heating re- 
sistors 301 are pre-heated by an identical pre-heat pulse 
signal, the circuit scale of the selection data latch circuit 
10 102 and the selection circuit 101 can be reduced. As 
indicated by a point A in Fig. 1 , since the output from the 
shift register 304 is output to both the data latch circuit 
303 for holding print data and the selection data latch 
circuit 102 for holding the selection data of the pre-heat 
15 pulse width, the shift register 304 for inputting the print 
data can be commonly used as a register for inputting 
the selection data for selecting the pre-heat pulse width. 
With this arrangement, a register for inputting the selec- 
tion data of the pre-heat pulse width can be omitted, and 
20 an increase in circuit scale can be minimized even 
when, for example, a latch circuit having a large number 
of stages for holding the selection data is used. 

Note that the selection data for determining the pre- 
heat pulse width need only be saved once upon, e.g., 
25 starting of the printer apparatus. Therefore, even when 
the apparatus has this function, the transfer sequence 
of print data to the print head can be performed in the 
same manner as in the conventional apparatus. In this 
case, in consideration of a change in the selection data 
30 stored in the selection data latch circuit 102 due to, e. 
g., noise, the selection data is preferably re-saved in the 
selection data latch circuit 102 in a non-print state. 

The input operation of the pre- heat pulse signals 
107 after the selection data for selecting the pre-heat 
35 pulse widths are held in the selection data latch circuit 
102 will be explained below. This embodiment is char- 
acterized in that the heat pulse 308 and a plurality of 
pre-heat pulse signals 107 are independently set so as 
to change the ejection amount of an ink. 
40 The width of the heat pulse 308 is determined to 
apply appropriate energy enough to eject an ink in cor- 
respondence with the resistance values of the heating 
resistors 301 by feeding back a signal from a resistance 
sensor 314 for monitoring the resistance values of the 
45 heating resistors 301 or from the EPROM 330. On the 
other hand, as for the pre-heat pulses, the selection data 
of the plurality of pre-heat pulse signals 107 is deter- 
mined by the printer controller so as to change pre-heat 
pulse width and timing in correspondence with the tem- 
so perature value detected by the temperature sensor 31 5. 
In this manner, the pre-heat pulses having various pulse 
widths can be applied to obtain a constant ink ejection 
amount from the respective nozzles even in a predeter- 
mined temperature state. On the other hand, when each 
55 pre-heat pulse width is set in correspondence with a fac- 
tor other than the temperature, i.e., the ink-ejection 
amounts from ejection orifices (nozzles), the ink ejection 
amounts from all the ink ejection orifices can be set to 
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be constant, thus eliminating density nonuniformity and 
stripes on a printed image. In this manner, a print oper- 
ation can be performed by selecting none, one, or a plu- 
rality of pre-heat pulse signals using the selection data 
of the pre-heat pulse widths held in the selection data 
latch circuit 102. The operation of the circuit 102 will be 
described later with reference to Figs. 3A to 4B. 

Note that the number of the types of pre-heat pulses 
to be supplied to the heating resistors 301 can be further 
increased by modifying the selection method of the pre- 
heat pulse signals. 

The selection data and the operation of the selec- 
tion circuit 101 will be described below using a circuit 
701 or 801 constituting the selection circuit 101 with ref- 
erence to Figs. 3A and 3B and Figs. 4A and 4B. 

Figs. 3A and 3B are views for explaining an exam- 
ple for supplying four different pre-heat pulses 702 to 
control the ink ejection amount in four levels. In Figs. 3A 
and 3B, pre-heat pulses 1 to 4 are input as the pre-heat 
pulse signals 107. 

Fig. 3A is a circuit diagram showing the arrange- 
ment of the selection circuit 701 for selecting a desired 
one of the pre-heat pulse signals 107. and Fig. 3B is a 
timing chart showing the selection timing. As can be 
seen from Figs. 3A and 3B, when the selection data (S1 , 
S2) output from the selection data latch circuit 1 02 is (0, 
0), a pre-heat pulse signal 1 is selected; when the se- 
lection data (S1 , S2) is (0, 1 ), a pre-heat pulse signal 2 
is selected; and similarly, when the selection data (S1, 
S2) is (1, 1), a pre-heat pulse signal 4 is selected. The 
selected pre-heat pulse signal is output as a pre-heat 
pulse 702. Thus, the number of the pre-heat pulse sig- 
nals 107 (in this case, 4) is equal to the number of pre- 
heat pulses 702 to be output. 

In contrast to this, in Figs. 4A and 4B. the number 
of output pre-heat pulses 802 is four (including applica- 
tion of no pre-heat pulse) for the pre-heat pulse signals 
1 and 2. More specifically, in the selection circuit 801 
shown in Fig. 4A, when the selection data (S1 , S2) is (0, 
0), none of the pre-heat pulse signals 107 is selected; 
when the selection data (81, S2) is (0, 1). a pre-heat 
pulse signal 1 is selected; when the selection data (Si, 
S2) is (1, 0), a pre-heat pulse signal 2 is selected; and 
when the selection data (S1, S2) is (1,1), the sum of 
pre-heat pulse signals 1 and 2 of the pre-heat pulse sig- 
nals 107 is selected. In this manner, the selected pre- 
heat pulse is output as a pre-heat pulse signal 802 (see 
Fig. 4B). 

When the selection circuit shown in Fig. 4A is adopt- 
ed, the circuit area on the heater board 100 can be re- 
duced, and the size of the circuit board itself can be re- 
duced without reducing the number of the types of pre- 
heat pulses. Thus, even when the number of pre-heat 
pulse signals 107 is three, a maximum of eight different 
pre-heat pulse 802 can be generated. In general, if the 
number of supplied pre-heat pulse signals 107 is R the 
number of types of generated pre-heat pulse (the types 
of ejection amounts), P', can be a maximum of 2 P . 



When the print head with the above-mentioned ar- 
rangement is mounted in the ink-jet printer apparatus 
main body of this embodiment, and a print data is sup- 
plied to the print head, a high-speed, high-image quality 
5 print operation can be realized. 

Fig. 2 is a block diagram showing the arrangement 
of a multi-nozzle print head IJH constituted by arranging 
a plurality of heater boards 200-1 to 200-m (circuit 
boards). In Fig. 2. latch signals, heat pulse signals, and 
■>o the like of the respective heater boards are not shown. 
In this case, a print head having a total number of 
nozzles = n is realized using m heater boards 200-1 to 
200-m. Note that the data input signal 105 of the heater 
board 200-2 is connected to the shift-output signal 116 
« of the heater board 200-1, and similarly, the serial output 
1 1 6 of each heater board is connected to the serial input 
signal 105 of a succeeding heater board. 

The following description will be made while paying 
attention to nozzles 1 and 100 of the heater board 200-1 
20 and nozzle 1 50 of the heater board 200-2. 

Assume that the ink ejection amount of nozzle 1 is 
36 p€ (pico liter), the ink ejection amount of nozzle 100 
is 40 p£, and the ink ejection amount of nozzle 1 50 is 40 
p€ at a constant temperature and upon application of a 
25 predetermined pulse width, as shown in Fig. 5. In this 
case, the selection data for nozzles 100 and 150 are set 
in the selection data latch circuit 102 to be (S1, S2) = 
(1 , 0), as indicated by, e.g., in Fig. 4B. The selection data 
for nozzle 1 with a small ejection amount is set to be 
30 (S1,S2) = (1, 1), as indicated by, e.g., in Fig. 4B. As for 
the heat pulse 308, since it has already been detected 
based on the signal from the resistance sensor 314 or 
the EPROM 330 that the resistance of the heater board 
200-1 is 200 and that of the heater board 200-2 is 21 0 
35 n, the width of the heat pulse to be applied to the heater 
board 200-2 is set to be larger than that of the heat pulse 
308 to be applied to the heater board 200-1 , so that al- 
most constant energies are applied to the heater boards 
200-1 and 200-2, thereby driving the heatinq resistors 
■to 301. 

Fig. 5 shows the driving current waveforms ob- 
tained when the heating resistors are driven under the 
above-mentioned condition. 

As can be seen from Fig. 5, the width of the pre- 
« heat pulse 550 for nozzle 1 with a small ejection amount 
is set to be larger than those of the pre-heat pulses 551 , 
552 for nozzles 100 and 150 (11 < t2). As for the heat 
pulse 308, the width, t4, of the heat pulse 308 for nozzle 
1 50 is set to be larger than the width (t3) for the nozzles 
50 of the heater board 200-1 (t4 > t3). In Fig. 5, t5 indicates 
the minimum heat pulse width required forforming bub- 
bles in an ink and flying an ink droplet, and the relation- 
ship (t1, t2 < t5 < t3, t4) holds. 

As described above, according to this embodiment, 
55 since the pre-heat pulse widths are changed under the 
condition satisfying (t1 < t2) and (t1 , t2 < 15) with respect 
to a change in temperatures of the heater boards, the 
ink ejection amounts from the respective nozzles can 
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be always set to be about 40 p€. Thus, an image with 
very high quality, which is free from any density nonuni- 
formity and generation of stripes, can be printed. Fur- 
thermore, as for the heat pulses 308, since the heat 
pulse widths are adjusted in correspondence with the 
resistance values of the heating resistors 301 of the re- 
spective heater boards, predetermined energy can be 
applied without difficulty, and a long service life of the 
heating resistors can also be assured. 

Fig. 6 shows the structure of the print head of this 
embodiment. The same reference numerals in Fig. 6 de- 
note the same parts as in Fig. 1. 

Referring to Fig. 6, channel wall members 401 for 
defining ink channels 405 communicating with a plurality 
of ejection orifices 400, and a top plate 402 with an ink 
supply port 403 are attached. An ink supplied from the 
ink supply port 403 is stored in an inner common ink 
chamber 404, and is then supplied to the respective ink 
channels 405. When the heating resistors 301 on the 
heater board 100 are energized and driven in this state 
in correspondence with print data, ink droplets are eject- 
ed from the ejection orifices 400, thus achieving a print 
operation. Note that reference numeral 407 denotes wir- 
ing lines. 

Fig. 7 is a schematic perspective view of an ink-jet 
printer apparatus IJRA which mounts the print head IJH 
of this embodiment to perform a print operation. 

Referring to Fig. 7, a carriage HC engages with a 
spiral screw 5004 of a lead screw 5005, which rotates 
via driving force transmission gears 5011 and 5009 in 
synchronism with the forward/reverse rotation of a car- 
rier motor 501 3. The carriage HC has a lever 5006 and 
reciprocally moves in the directions of arrows E and F 
in Fig. 7. The carriage HC carries an ink-jet cartridge 
IJC. Reference numeral 5002 denotes a paper pressing 
plate, which presses a paper sheet against a platen 
5000 across the moving direction of the carriage HC. 
Reference numerals 5007 and 5008 denote photocou- 
plers, which serve as home position detection means 
for confirming the presence of the lever 5006 of the car- 
riage HC in a corresponding region, and switching, e.g., 
the direction of rotation of the carrier motor 5013. Ref- 
erence numeral 5016 denotes a member for supporting 
a cap member 5022 for capping the front surface of the 
print head IJH; and 5015, a suction means for drawing 
ink through the interior of the cap member 5022 by suc- 
tion. The suction means 5015 performs recovery of the 
print head IJH via an intra-cap opening 5023. Reference 
numeral 5017 denotes a cleaning blade; and 5019, a 
member for movably supporting the blade in the back- 
and-forth direction. These members 501 7 and 501 9 are 
supported on a main body support plate 5018. The 
present invention is not limited to this blade, but a known 
cleaning blade may be applied to this embodiment. Ref- 
erence numeral 501 2 denotes a lever for initiating a suc- 
tion operation of the suction recovery. The lever 5012 
moves upon movement of a cam 5020 which engages 
with the carriage HC, and its movement control is at- 



tained by known transmission means such as clutch 
switching on the basis of the driving force from the driv- 
ing motor. 

These capping, cleaning, and suction recovery 
s means are arranged to perform desired processing at 
their corresponding positions upon operation of the lead 
screw 5005 when the carriage HC reaches a region on 
the home-position side. However, the present invention 
is not limited to such timings as long as desired opera- 
10 tions can be performed at known timings. 

description of Control Arrangement 

The control arrangement for executing the print 

is control of the above-mentioned apparatus will be de- 
scribed below with reference to the block diagram 
shown in Fig. 8. Referring to Fig. 8 showing a control 
circuit, reference numeral 1700 denotes an interface for 
inputting a print signal; 1 701 , an MPU; 1 702, a program 

20 ROM for storing a control program executed by the MPU 
1701; and 1703, adynamic RAM for storing various data 
(the print signal, print data to be supplied to the head, 
and the like). Reference numeral 1704 denotes a gate 
array for performing supply control of print data to the 

25 print head IJH. The gate array 1704 also performs data 
transfer control among the interface 1700, the MPU 
1701, and the RAM 1703. Reference numeral 501 3 de- 
notes a driving motor for moving the print head IJH; and 
1709, a feed motor for feeding a recording sheet. Ref- 

30 erence numerals 1706 and 1707 denote motor drivers 
for respectively driving the feed motor 1 709 and the car- 
rier motor 5013. Reference numeral 1711 denotes sig- 
nal lines for monitoring signals from the sensors 314 on 
the respective heater boards, and 1712, signal lines in- 

35 eluding the pre-heat pulse signals (107), latch signals 
(108, 307), heat pulse (main heat pulse) signals (308), 
and the like. 

Fig. 9 is a perspective view showing the outer ap- 
pearance of the arrangement of principal part of an ink- 

40 jet printer IJRA comprising a full line-type ink-jet head 
as a typical embodiment of the present invention. 

The ink-jet printer of this embodiment has an ar- 
rangement in which print heads (full-line multi-nozzle re- 
cording head) IJH for ejecting ink droplets in a range 

45 corresponding to the width of recording paper (continu- 
ous sheet) P are arranged in the feed direction of the 
recording paper, as shown in Fig. 9. Ink droplets are 
ejected from ejection orifices IT of these print heads IJH 
toward the recording paper P at predetermined timings. 

so in this embodiment, the recording paper P as a fold- 
able continuous sheet is conveyed in the direction of an 
arrow VS shown in Fig. 9 by driving the feed motor 1709 
under the control of the control circuit (to be described 
below), thus printing an image on the recording paper. 

55 in Fig. 9, reference numeral 5018 denotes sheet feed 
rollers; and 501 9, exhaust-side rollers which hold the 
recording paper P as a continuous sheet at the print po- 
sition together with the sheet feed rollers 501 8, and feed 
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the recording paper P in the direction of the arrow VS in 
cooperation with the sheet feed rollers 5018 driven by 
the feed motor 1709. 

Note that the arrangement of this ink-jet printer is 
substantially the same as that shown in Fig. 8, except 
that the carrier motor 5013 in the block diagram shown 
in Fig. 8 is not included in this arrangement. Thus, a de- 
tailed description thereof will be omitted. 

Fig. 10 is an exploded perspective view for explain- 
ing the arrangement of a full-line type print head of this 
embodiment. A case will be exemplified below wherein 
a print element corresponds to an ejection energy gen- 
eration element used for ink ejection (in the print method 
of this embodiment, a pair of electrodes and a heating 
resistor arranged between these electrodes). 

According to the ink-jet head of this embodiment, 
since an elongated (full-line) print head which is conven- 
tionally formed by, e.g., a photolithography technique 
over the full-line width is constituted by a plurality of 
heater boards, the print head can be formed with a very 
high yield. In addition, an integral top plate which has a 
plurality of ink ejection orifices formed at one end portion 
of the plate, and a plurality of grooves communicating 
with the ejection orifices and extending from one end 
portion toward the other end portion of the plate is joined 
so that the plurality of grooves are closed by the boards. 
Thus, an elongated (full-line) ink-jet print head unit can 
be very easily constituted. 

In this embodiment, the ink-jet print head in which 
the ink ejection orifice density is 360 dpi (70.5-um inter- 
vals) and the number of ink ejection orifices is 3,008 noz- 
zles (the print width = 212 mm) will be explained. 

Referring to Fig. 10, 128 heating resistors 301 (Fig. 
1 ) for generating ejection energy are arranged at prede- 
termined positions at a density of 360 dpi on each of the 
heater boards 200-1 to 200-m. The heater boards 200-1 
to 200-m are adhered and fixed on the surface of a base 
plate 3000 consisting of a material, e.g., a metal, ceram- 
ics, or the like, so that a plurality of heater boards are 
juxtaposed. Also, a wiring board 4000 is adhered and 
fixed on the base plate 3000 in the same manner as the 
heater boards 200-1 to 200-m. In this case, the wiring 
board 4000 is adhered and fixed on the base plate 3000, 
so that power pads 1020 on the heater boards 200-1 to 
200-m are located in the vicinity of signal/power supply • 
pads arranged on the wiring board 4000. The wiring 
board 4000 has a connector 4020 for receiving various 
signals such as a print signal, pre-heat signals, and the 
like, and driving electric power from an external circuit. 

Fig. 11 is a flow chart showing the processing from i 
the power-ON operation until the end of a print operation 
for one page in the ink-jet printer apparatus of this em- 
bodiment. The control program for executing this 
processing is stored in the ROM 1702 (Fig. 8), and is 
executed under the control of the MPU 1 701 . s 

The processing shown in Fig. 11 is started when the 
power supply of the apparatus is turned on. In step S1 , 
the resistance values of the heating resistors 301 on 



each of the heater boards (m boards) of the print head 
IJH and the ink ejection amount characteristics of the 
respective nozzles (ejection orifices) on each of the 
heater boards are read. In step S2, the read data are 
' stored in the RAM 1 703. Note that the resistance values 
of these heating resistors 301 can be detected by the 
resistance sensors 314 or read from the EPROM 330 
(in Fig. 12), and the ink ejection amount characteristics 
of the respective nozzles may be stored in, e.g., the 
> memories (EPROMs) 330 arranged on each of the heat- 
er boards of the print head. In step S3, the above-men- 
tioned selection data (S1 , S2) for each heater board is 
determined in correspondence with the resistance value 
of the heating resistors 301 and the ink ejection amount 
>' characteristic of each of the heater boards, is serially 
transferred to the shift registers 304 of the respective 
heater boards, and is then latched by the selection data 
latch circuits 102 of the respective heater boards by out- 
putting the latch signal 108. 

The flow then advances to step S4 to check if print 
signals are input from an external apparatus (host com- 
puter; not shown) via the interface 1700. If YES in step 
S4, the flow advances to step S5 and the received print 
signals are stored in the RAM 1703. The flow then ad- 
vances to step S6 to check if the apparatus is ready to 
start, e.g., a print operation for one line. If NO in step 
S6, the flow returns to step S4; otherwise, the flow ad- 
vances to step S7. 

In step S7, print data to be printed in the first line is 
serially transferred to the shift registers 304. The flow 
advances to step S8, and the latch signal 307 is output 
to latch the print data in the data latch circuits 303 on 
the respective heater boards. The flow advances to step 
S9, and the pre-heat pulse signals 107 are output. In 
response to the pre-heat pulse signals 107, each selec- 
tion circuit 101 in each heater board selects one or sev- 
eral of the pre-heat signals 107 in correspondence with 
the selection data latched in the selection data latch cir- 
cuit 1 02, and a pre-heat pulse is output via the OR gate 
1 1 2. In this embodiment, four neighboring heating resis- 
tors 301 are pre-heated by the same pre-heat pulse. As 
shown in, e.g., Figs. 3A and 3B or Figs. 4A and 4B 
above, the pulse width of the pre-heat pulse is deter- 
mined in correspondence with the selection data from 
the selection data latch circuit 102 to pre-heat the print 
head. 

The flow then advances to step S10, and the block 
selection signal 115 for indicating a block to be selected 
of the heating resistors 301 , and the signals 11 7 and 1 1 8 
for indicating the odd- or even-numbered heating resis- 
tors to be energized are output to the respective heater 
boards. Thereafter, the heat pulse 308 is output to ac- 
tually print an image. This energization control is per- 
formed for all the blocks of the heating resistors 301, 
and upon completion of energization of all the heating 
resistors 301 on the respective heater boards, an image 
print operation for one line by the print head IJH is com- 
pleted. 
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During the pre-heat operation or the energization 
(heat) processing of the heating resistors 301 for an ac- 
tual print operation, data reception from the host com- 
puter and transfer of print data for the next line to the 
shift registers 304 of the respective heater boards are 
performed. When the print head IJH is constituted by a 
plurality of heater boards, as shown in Figs. 2 and 10, 
the heating resistors 301 on the respective heater 
boards may be energized in turn in units of heater 
boards in step S1 0 in place of simultaneously energizing 
the heating resistors 301 on all the heater boards. With 
this control, the power supply capacity of the apparatus 
can be reduced. In step S11, it is checked if the print 
operation for one line is completed. If NO in step S11, 
the flow returns to step S7 to execute the above-men- 
tioned processing. 

Upon completion of the print processing for one line, 
the flow advances from step S11 to step S12, and the 
feed motor 1709 is driven to feed the recording paper 
by one line in the sub-scanning direction. In step S13, 
it is checked if a print operation for one page is complet- 
ed. If NO in step S1 3, the flow returns to step S6 to check 
if reception of print data for the next line is completed. 
When the print operation of an image for one page is 
completed by repeating the above-mentioned opera- 
tion, this print processing ends. In Fig. 9, when a plurality 
of print heads IJH for ejecting inks of different colors are 
prepared, a color recording apparatus can be easily re- 
alized. 

<Second Embodiment 

Fig. 1 3 is a block diagram showing the arrangement 
of a heater board 1300 for an ink-jet head according to 
the second embodiment of the present invention. The 
same reference numerals in Fig. 1 3 denote the same 
parts as in Fig. 1 above, and a detailed description there- 
of will be omitted. 

In this embodiment, as the same as the first embod- 
iment, a heat signal 308 and a plurality of pre-heat sig- 
nals 107 are input from different terminals, and a driving 
signal is simultaneously applied from one OR gate 112 
to each of the plurality of power transistors 302 and the 
plurality of heating resistors 301 . At the two end portions 
of each of the plurality of heating resistors 301 on a sin- 
gle heater board, for example, on adjacent heater 
boards 200-1 and 200-2 shown in Fig. 2, two heating 
resistors in the vicinity of the right end of the heater 
board 200-1 and two heating resistors in the vicinity of 
the left end of the heater board 200-2 (a total of four 
resistors) are pre-heated by the same pre-heat pulse, 
and other heating resistors are simultaneously pre-heat- 
ed in units of four resistors. The number of heating re- 
sistors 301 to be pre-heated is set to satisfy (the number 
of the heating resistors in the vicinity of the end portion 
< the number of other heating resistors), e.g., (1 < 2) or 
(2 < 4). In the example shown in Fig. 13, (2 < 4) is sat- 
isfied. 



In the case of the multi-nozzle head constituted by 
arranging a plurality of heater boards, as shown in, e. 
g., Fig. 2, print nonuniformity is most conspicuous near 
the joint between adjacent heater boards, but is not so 

5 conspicuous on portions other than the joint. For this 
reason, the number of heating resistors 301 to be simul- 
taneously energized in a pre-heat mode in the vicinity 
of the two end portions on the heater board is set to be 
different from that for other portions. Since print nonu- 

10 niformity for four or eight pixels can be naturally re- 
moved at the same time, print nonuniformity can be cor- 
rected on the entire printed image, and size and cost 
reductions of the circuit and boards can be realized. 
In the above description, the heater board is adopt- 

is ed in the ink-jet print head. However, the present inven- 
tion is not limited to this. For example, the present in- 
vention may be applied to a heater board for a thermal 
head. 

The present invention has exemplified a printer sys- 
20 tern, which comprises means (e.g., an electro-thermal 
conversion element, laser beam, and the like) for gen- 
erating heat energy as energy utilized upon execution 
of ink ejection, and causes a change in state of an ink 
by the heat energy, among the ink-jet printing systems. 
25 According to this system, a high-density, high-definition 
printing operation can be attained. 

As the representative arrangement and principle of 
the ink-jet printing system, one practiced by use of the 
basic principle disclosed in, for example, U.S. Patent 
30 Nos. 4,723,129 and 4,740,796 is preferred. The above 
system is applicable to either one of so-called an on- 
demand type and a continuous type. Particularly, in the 
case of the on-demand type, the system is effective be- 
cause, by applying at least one driving signal, which cor- 
35 responds to printing information and gives a rapid tem- 
perature rise exceeding nucleus boiling, to each of elec- 
tro-thermal conversion elements arranged in corre- 
spondence with a sheet or liquid channels holding a liq- 
uid (ink), heat energy is generated by the electro-ther- 
40 mal conversion element to effect film boiling on the heat 
acting surface of the print head, and consequently, a 
bubble can be formed in the liquid (ink) in one-to-one 
correspondence with the driving signal. By ejecting the 
liquid (ink) through an ejection opening by growth and 
45 shrinkage of the bubble, at least one droplet is formed. 
If the driving signal is applied as a pulse signal, the 
growth and shrinkage of the bubble can be attained in- 
stantly and adequately to achieve ejection of the liquid 
(ink) with the particularly high response characteristics. 
so As the pulse driving signal, signals disclosed in U. 
S. Patent Nos. 4,463,359 and 4,345,262 are suitable. 
Note that further excellent printing can be performed by 
using the conditions described in U.S. Patent No. 
4,313,124 of the invention which relates to the temper- 
ss ature rise rate of the heat acting surface. 

As an arrangement of the print head, in addition to 
the arrangement as a combination of ejection orifices, 
liquid channels, and electro-thermal conversion ele- 
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merits (linear liquid channels or right angle liquid chan- 
nels) as disclosed in the above specifications, the ar- 
rangement using U.S. Patent Nos. 4,558,333 and 
4,459,600, which disclose the arrangement having a 
heat acting portion arranged in a flexed region is also 
included in the present invention. In addition, the 
present invention can be effectively applied to an ar- 
rangement based on Japanese Patent Laid-Open No. 
59-1 23670 which discloses the arrangement using a slit 
common to a plurality of electro-thermal conversion el- 
ements as an ejection portion of the electro-thermal con- 
version elements, or Japanese Patent Laid-Open No. 
59-138461 which discloses the arrangement having an 
opening for absorbing a pressure wave of heat energy 
in correspondence with an ejection portion. 

Furthermore, as a full line type print head having a 
length corresponding to the width of a maximum record- 
ing medium which can be printed by the printer, either 
the arrangement which satisfies the full-line length by 



a range from 30°C to 70°C in the ink-jet system, so that 
the ink viscosity can fall within a stable ejection range. 
In addition, in order to prevent a temperature rise 
caused by heat energy by positively utilizing it as energy 
for causing a change in state of the ink from a solid state 
to a liquid state, or to prevent evaporation of the ink, an 
ink which is solid in a non-use state and liquefies upon 
heating may be used. In any case, the present invention 
can be applied to a case wherein an ink which liquefies 
upon application of heat energy, such as an ink which 
liquefies upon application of heat energy according to a 
printing signal and is ejected in a liquid state, an ink 
which begins to solidify when it reaches a recording me- 
dium, or the like, is used. In this case, an ink may oppose 
electro-thermal conversion elements while being held in 
a liquid or solid state in recess portions of a porous sheet 
or through holes, as described in Japanese Patent Laid- 
Open No. 54-56847 or 60-71260. In the present inven- 
tion, the above-mentioned film boiling system is most 



above specification or the arrangement as a single print 
head obtained by forming print heads integrally can be 
used. 

In addition, the present invention is effective for a 
case using an exchangeable chip type print head which 
can be electrically connected to the apparatus main 
body or can receive an ink from the apparatus main body 
upon being mounted on the apparatus main body, or a 
cartridge type print head in which an ink tank is integrally 
arranged on the print head itself. 

It is preferable to add recovery means for the print 
head, preliminary auxiliary means, and the like provided 
as an arrangement of the print apparatus of the present 
invention since the effect of the present invention can 



Note that the present invention may be applied to 
either a system constituted by a plurality of devices or 
an apparatus consisting of a single device. Also, the 
present invention may be applied to a case wherein the 
invention is attained by supplying a program for practic- 
ing the present invention to the system or apparatus. 

As described above, according to this embodiment, 
the heat pulse and the plurality of pre-heat pulse signals 
are separately supplied to each of the heater boards for 
a print head, the pre-heat pulse signal is selected by the 
selection data latched in the selection data latch circuit 
102 arranged in the heater board, and the heat pulse is 
synthesized with an image ejection pulse (AND of the 
heat pulse and print data). With this arrangement, since 



be furthpr =:tahiii7 0 H rr V o m ~i„o„i ^ - , „,„ 1(/ura0 a,,u HI .in udia;. vvnn mis arrangement, shce 
for the orinfhS P such means .nclude, 35 a conventional shift register 304 can be effectively uti- 
tor tne print head, caDDina means Hoaninn mQ or.o i;, . = ... -w»eiy uu 



r the print head, capping means, cleaning means, 
pressurization or suction means, and preliminary heat- 
ing means using electro-thermal conversion elements, 
another heating element, or a combination thereof. It is 



lized, an increase in element space for inputting selec- 
tion data can be prevented. 

Ejection amount control for respective nozzles can 
7so^ZZ7^r- 3 C ° mbinati ° n ,here ° f - " iS be realized - ™« at the same time, even in a print heaS 
e ectfo ^1 T 5 9 10 eX6CUte 8 P re,iminar V 40 constituted by a p.ura.ity of heater boards, constant ^ 
eject™ mode wh.ch performs eject.on independently of put power can be obtained 
printing. 



Furthermore, as a printing mode of the print appa- 
ratus, the present invention is effective for not only an 



Furthermore, since the ejection amount control for 
respective nozzles is simultaneously performed in units 
of a plurality of bits, the circuit can be rendered compact, 



a o^ r ^K haVi K, 9 ? rin * 9 , m0dS USin9 ° n,y 3 primar * 45 andas a res "". acompact heaterboard 
color such as black or the like, but also an apparatus 

having at least one of a multi-color mode using a plurality 

of different colors or a full-color mode achieved by color 

mixing, although such modes may be attained either by 



can be realized. 



usingan integrated print head or by combininga plurality so the print head can be provided 



Thus, a cost reduction of the apparatus can be attained, 
and a long-life ink-jet print head which has a constant 
ejection amount and is free from density nonuniformity 
and generation of stripes, and a print apparatus using 



of print heads. 

Moreover, in each of the above-mentioned embod- 
iments, an ink is described as a liquid. Alternatively, the 
present invention may empby an ink which is solid at 
room temperature or less and softens or liquefies at 
room temperature, or an ink which liquefies upon appli- 
cation of a use printing signal, since it is a general prac- 
tice to perform temperature control of the ink itself within 



The present invention can be applied to a system 
constituted by a plurality of devices or to an apparatus 
comprising a single device. 

Furthermore, the invention is applicable also to a 
case where the invention is embodied by supplying a 
program to a system or apparatus. In this case, a stor- 
age medium, storing a program according to the Inven- 
tion constitutes the invention. The system or apparatus 
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installed with the program read from the medium realiz- 
es the functions according to the invention. 

The present invention is not limited to the above em- 
bodiments and various changes and modifications can 
be made within the spirit and scope of the present in- 
vention: Therefore, to apprise the public of the scope of 
the present invention, the following claims are made. 



A print head having energization members (302) for 
driving a plurality of print elements (301) and a cir- 
cuit for energizing the energization members in cor- 
respondence with print data to perform a print oper- " 
ation, characterized by comprising: 

input terminals for inputting a plurality of pulse 
signals (1 07) used for pre-heating the print ele- 
ments (301); 21 
a storage circuit (102) for receiving and storing 
selection information for selecting one of the 
plurality of pulse signals input from said input 
terminals; and 

driving circuits (101, 112, 113), each of which 2. 
selects one of the plurality of pulse signals input 
from said input terminals in accordance with the 
selection information stored in said storage cir- 
cuit (1 02), and applies the selected pulse signal 
to at least two energization member (302) units 3 
to pre-heat the print elements (301). 

The print head according to claim 1 , characterized 
in that each of said driving circuits comprises an 
AND gate (113) for logically ANDing the print data £ 
and an energization signal, and an OR gate (112) 
for receiving an output from said AND gate and the 
selected pre-heat pulse signal. 

I. The print head according to claim 1 , characterized - 
in that the selection information and print data are 
commonly input to a shift register (304) for receiving 
and holding serial data. 

%. The print head according to claim 1 , characterized 
in that one of the plurality of pulse signals (107) is 
selected so that if the number of pulse signals is P, 
the number of types of selected and generated pre- 
heat pulses satisfies a condition (P < P" < 2P). 

5. A print head constituted by using a plurality of 
boards (200-1 to 200-m) each having energization 
members (302) for driving a plurality of print ele- 
ments (301) and a circuit for energizing the ener- 
gization members in correspondence with print data 
to perform a print operation, 

characterized in that each of the boards com- 
prises input terminals for inputting a plurality of pre- 



heat pulse signals (107) to the energization mem- 
bers, a storage circuital 02) for receiving and storing 
selection information for selecting one of the plural- 
ity of pulse signals input from said input terminals, 
and driving circuits (101, 112, 113), each of which 
selects one of the plurality of pre-heat pulse signals 
input from said input terminals in accordance with 
the selection information stored in said storage cir- 
cuit and applies the selected pre-heat pulse signal 
to at least two energization member (302) units to 
pre-heat the print elements (301). 

6. The print head according to claim 5, wherein each 
of said driving circuits preform a pre-heat operation 
in units of two adjacent print elements near each of 
two ends of the plurality of print elements on each 
of the boards, and in units of a plurality of blocks 
obtained by dividing the plurality of remaining print 
elements, and each of the plurality of blocks 
includes at least two print elements. 

7. The print head according to claim 5, characterized 
in that said driving circuit (101, 112, 1 1 3) comprises 
an AND gate (113) for logically ANDing the print 
data and an energization signal, and an OR gate 
(112) for receiving an output from said AND gate 
and the selected pre-heat pulse signal. 

8. The print head according to claim 5, characterized 
in that the selection information and print data are 
commonly input to a shift register for receiving and 
holding serial data. 

9. The print head according to claim 5, wherein one of 
the plurality of pre-heat pulse signals (107) is 
selected so that if the number of pulse signals is P, 
the number of types of selected and generated pre- 
heat pulses satisfies a condition (P < P" < 2P). 

10. The print head according to claim 5, characterized 
in that said driving circuits (101, 112, 113) pre-heat 
two adjacent print elements located near each of 
two end portions of the plurality of print elements on 
the board and two print elements near each of two 
end portions of the plurality of print elements on the 
neighboring board, by the same pre-heat pulse sig- 
nal. 

11 . A print apparatus for printing an image on a record- 
ing medium by energizing and driving a print head 
(UH), 

said print head having energization members 
for driving a plurality of print elements, input ter- 
minals for inputting a plurality of pre-heat pulse 
signals (107) to said energization members, a 
storage circuit (102) for receiving and storing 
selection information for selecting one of the 
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plurality of pre-heat pulse signals (107) input 
from said input terminals, and driving circuits 
(101, 112, 113), each of which selects one of 
the plurality of pre-heat pulse signals (107) 
input from said input terminals in accordance 
with the selection information stored in said 
storage circuit (102) and applies the selected 
pre-heat pulse signal to at least two energiza- 
tion members, 

said apparatus characterized by comprising: r 

characteristic information storage means 
(330) for storing print characteristics of said 
print elements of "said print head; 
transfer means (S3) for determining the n 
selection information on the basis of the 
print characteristics stored in said charac- 
teristic storage information storage means, 
and transferring the determined selection 
information to said print head; 2C 
preliminary energization means (S9) for 
pre-heating at least two print elements by 
outputting the plurality of pulse signals to 
said print head prior to a print operation; 
and ' 2S 

print energization means (S1 0) for energiz- 
ing said energization members of said print 
head so as to perform the print operation 
after the pre-heating operation by said pre- 
liminary energization means. 30 

1 2. The apparatus according to claim 1 1 , characterized 
in that each of said driving circuits (101, 112, 113) 
comprises an AND gate (113) for logically ANDing 
the print data and an energization signal, and an 35 
OR gate (112) for receiving an output from said AND 
gate and the selected pre-heat pulse signal. 

13. The apparatus according to claim 11, characterized 
in that the selection information and print data are 
commonly input to a shift register for receiving and 
holding serial data. 

1 4. The apparatus according to claim 1 1 , characterized 
in that one of the plurality of pre-heat pulse signals 
(107) is selected so that if the number of pre-heat 
pulse signals is R the number of types of selected 
and generated pre-heat pulses satisfies a condition 
(P£P'< 2P). 



characteristic information storage means (330) 
for storing print characteristics of the print ele- 
ments of said print head (I JH); 
transfer means (S3) for determining the selec- 
tion information on the basis of the print char- 
acteristics stored in said characteristic storage 
information storage means, and transferring 
the determined selection information to said 
print head; 

> preliminary energization means (S9) for prelim- 

inary energizing two print elements near end 
portions of adjacent boards by outputting the 
plurality of pulse signals to said print head prior 
to a print operation; and 
print energization means (S10) for energizing 
the energization members of said print head so 
as to perform the print operation after the pre- 
liminary energization by said preliminary ener- 
gization means. 

1 7. The apparatus according to claim 1 6, characterized 
in that the driving circuits preform a pre-heat oper- 
ation by the same pre-heat pulse signal, in units of 
two adjacent print elements near each of two ends 
of the plurality of print elements on each of the 
boards, and in units of a plurality of blocks obtained 
by dividing the plurality of remaining print elements, 
and each of the plurality of blocks includes at least 
two print elements. 

18. The apparatus according to claim 16, characterized 
in that the driving circuits pre-heat two adjacent print 
elements located near each of two end portions of 
the plurality of print elements on the board and two 
print elements near each of two end portions of the 
plurality of print elements on the neighboring board, 
by the same pre-heat pulse signal. 

19. The apparatus according to claim 16, characterized 
in that said print head comprises an ink-jet print 
head for performing a print operation by ejecting an 
ink. 

20. The apparatus according to claim 19, characterized 
in that said print head comprises a print head for 
ejecting an ink by utilizing heat energy, and com- 
prises a heat energy conversion member for gen- 
erating the heat energy to be applied to the ink. 



15. The apparatus according to claim 11 , characterized 
in that said apparatus has a plurality of said print 
heads for respectively ejecting inks of different 
colors. 



so 21 . The apparatus according to claim 1 6, characterized 
in that said apparatus has a plurality of said print 
heads for respectively ejecting inks of different 
colors. 



16. A print apparatus for printing an image on a record " ^ tlT, "T" IOrprinlin 9 an ima 9 e on a recordin 9 
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determining (S2) selection information on the 
basis of a print characteristic of said print head; 
transferring (S3) the selection information to 
said print head, and storing the selection infor- 
mation in the storage circuit; 5 
outputting (S9) a plurality of pre-heat pulse sig- 
nals to said print head prior to a print operation; 
and 

energizing (S10) the energization members of 
said print head in accordance with image data '<> 
so as to perform a print operation after prelim- 
inary energization of said print head. 

23. A print method for printing an image on a recording 
medium by energizing and driving a print head of « 
claim 5, characterized by comprising the steps of: 

determining (S2) selection information on the 
basis of a print characteristic of said print head; 
transferring (S3) the selection information to 20 
said print head, and storing the selection infor- 
mation in the storage circuit; 
outputting (S9) a plurality of pre-heat pulse sig- 
nals to said print head prior to a print operation; 
and 25 
energizing (S10) the energization members of 
said print head in accordance with image data 
so as to perform a print operation after prelim- 
inary energization of said print head. 

30 

24. A print head, a printing apparatus having a print 
head, a method of controlling a print head or a 
method of printing using a print head wherein sig- 
nals, for example pre-heating signals, for print ele- 
ments of the print head are selected or determined 35 
using stored information. 

25. A storage medium carrying data and/or instructions 
for controlling supply or selection of signals, for 
example pre-heating signals, for print elements of to 
a print head. 
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Print head, and print method and apparatus using the same 



(54) 

(57) A print head of this invention has a plurality of 
heater boards, and each heater board (100) has a plu- 
rality of heating resistors (301), driver circuits corre- 
sponding to the heating resistors, one shift register for 
inputting serial data, a data latch circuit for latching print 
data input from the shift register, a pre-heat data latch 
circuit for latching selection data of selecting one or sev- 
eral of pre-heat signals input from the shift register, and 
a pre-heat selection circuit for selecting one or a plurality 
of pre-heat signals in accordance with the selection data 
latched in the pre-heat data latch circuit. In a print oper- 
ation, one or several of the plurality of input pre-heat 
signals are selected to pre-heat the heating resistors, 
and when a main heat signal is input thereafter, the heat- 
ing resistors are driven in accordance with the print data 
latched by the data latch circuit, thus performing the print 
operation. 



3 

CD 

§ 



CL 
LU 




1NSDOCID <EP 0709196A3 I > 



EP 0 709 196 A3 



European Patent 

Office EUROPEAN SEARCH REPORT 



EP 95 30 7693 





DOCUMENTS CONSIDERED TO BE RELEVANT 




Categor 


A Citation of document with indication, where appropriate, 
—I . of relevant passages 




Ar^CAn^NanlXLo™ 


x 

X 


EP-A-0 440 492 (CANON KABUSHI KI KAISHA) 
the whole document * 

EP-A-0 605 207 (CANON KABUSHI KI KAISHA) 
the whole document * 


23 24 


B41J2/045 
B41J2/05 


X 
A 


EP-A-0 609 997 (HEWLETT-PACKARD) 
* the whole document * 


1 




A 


EP-A-0 475 638 (HEWLETT-PACKARD) 
the whole document * 


1 




X 


EP-A-0 440 490 (CANON KABUSHI KI KAISHA) 
* the whole document * 


23,24 




A 




1-22 




A 


EP-A-0 390 202 (CANON KABUSHI KI KAISHA) ' 
the whole document * 


1-24 




P,X 


EP-A-0 670 219 (CANON KABUSHI KI KAISHA) 
the whole document * 


1-24 




TECHNICAL FIELDS 
SEARCHED dnlCU) 


A 


EP-A-0 511 602 (HEWLETT-PACKARD COMPANY) 
the whole document * 


1 


B41J 


A 


EP-A-0 445 916 (CANON KABUSHI KI KAISHA) 
the whole document * 


1 




The present search report has been drawn up for all claims 







CATEGORY OF CITED DOCUMENTS 



4 July 1996 



Meulemans, J-p 



T : theory or principle nad«rlyin B the invention 
fc : earlier patent document, hut published on ™ 



ae patent family, corresponding 



NSDOCID: <EP_0709196A3_I_> 



